Abstract. Macrostemum is the second largest genus of Macronematinae with about 104 described species distributed in the Neotropical (18), Afrotropical (20), Australasian (7), Palearctic (2), Nearctic (3) and Oriental (54) regions. Despite its great diversity, knowledge about its immature stages is scarce: worldwide, only 7 species (6.7%) have larvae and/or pupae described. From the Neotropics, only one species, Macrostemum ulmeri (Banks, 1913), has described larvae and pupae. The objectives of this study are to describe and illustrate a new species, Macrostemum araca sp. nov., based on adult males and females from Serra do Aracá, Amazonas, Brazil, and the larvae and pupae of M. brasiliense (Fischer, 1970) from an Atlantic Forest fragment in São Paulo state using the metamorphotype method. In addition, this species is recorded for the first time for Minas Gerais state.
Introduction
Macrostemum Kolenati, 1859 is a typical Macronematinae genus recorded in all biogeographical regions except Antarctica. The Oriental region is the most diverse, with about 54 species, followed by Afrotropical (20 species), Neotropical (18 species), and Australian (7 species) regions, while in the entire Holarctic region only 5 species have been recorded. Macrostemum, with more than 100 species, is one of the largest genera of Macronematinae, being only surpassed by Leptonema Guérin-Méneville, 1843, which has about 150 species (Morse 2019) .
Adults are easily recognized by the color pattern of their wings, with membrane strongly marked with contrasting dark and light colors. As the species have very similar genital structures, the color pattern is important for species identification. Larvae build small tubes of sand in which they weave complex retreat nets to capture very fine particles from the water flow (Holzenthal & Calor 2017) .
Knowledge of the immature stages in the genus is very scarce: only seven species (6.7%) have larvae and/or pupae described (Ross 1944; Sattler 1963 Sattler , 1968 Marlier 1964; Lepneva 1970; Flint & BuenoSoria 1982; Scott 1983; Wiggins 1996; Ogbogu & Adu 2006) . Only one species from the Neotropics, M. ulmeri (Banks, 1913) , has described larva and pupa and biological information, such as caseconstruction behavior and diet (Sattler 1963 (Sattler , 1968 . Marlier (1964) also described larvae and pupae of this species, but under the name Macronema siolii Marlier, 1964 , synonymized by Flint (1978 .
Neotropical Macrostemum were revised by França et al. (2013) , and a new species was described by Oláh & Johanson (2012) , but these studies did not formally describe any larvae. Currently, according to Holzenthal & Calor (2017) , the following species are recorded for the Neotropical region: Macrostemum arcuatum (Erichson, 1848), M. brasiliense (Fischer, 1970) , M. braueri (Banks, 1924) , M. bravoi Franca, Paprocki & Calor, 2013 , M. digramma (McLachlan, 1871 , M. erichsoni (Banks, 1920) , M. felker Oláh & Johanson, 2012 , M. hyalinum (Pictet, 1836 , M. negrense Flint, 1978 , M. nigrum Franca, Paprocki & Calor, 2013 , M. par (Navás, 1930 , M. ramosum (Navás, 1916) , M. santaeritae (Ulmer, 1905) , M. subaequale (Banks, 1920) , M. surinamense (Flint, 1974) , M. trigramma (Navás, 1916) , M. triste (Navás, 1916) , and M. ulmeri.
In this study we describe and illustrate a new species of Macrostemum based on adult males and females from Serra do Aracá, Amazonas state, Brazil. Additionally, description of immature stages of M. brasiliense collected at Atlantic Forest, São Paulo state, Brazil, are also provided, including new distributional records and bionomic information.
Material and methods
Adults were collected using Pennsylvania light trap and Malaise flight interception traps or manually with a net. Larvae and pupae were collected directly from the substrates (stones and macrophytes), with the aid of forceps, in moderate to fast-flowing water zones of low-order streams. The immatures and some adults were preserved in 80% and 96% ethanol; other adults were pinned as indicated in the 'Material examined' section.
In order to observe male and female genital structures, the abdomen of each specimen was removed and cleared in 10% KOH heated to 125°C for 40 min. After clearing, the abdomen was washed in distilled water and was then placed for few minutes in a solution of 50% glacial acetic acid 50% ethanol to neutralize the KOH, mounted with glycerin on a temporary slide and examined with a Leica DM5500 B compound microscope; it was then permanently stored in glycerin in a microvial, with the remainder of the respective specimen stored in a plastic vial with ethanol. The head, labrum, mandibles and legs of the larva were dissected for use in illustrations and were subsequently stored in a vial with 80% ethanol. Pupae were preserved in vials with 80% ethanol.
Photographs of larvae, pupae, and adults were obtained with a Leica DFC 420 video camera attached to a Leica M165C stereomicroscope using a LED illumination dome to reduce light reflection on the specimens (Kawada & Buffington 2016) . Stacks of images of each structure were produced at different focal distances; these images were combined automatically into a single image with a greater depth of field using Helicon Focus® (version 6.8.0 Pro) software. Stacked images of the genitalia were taken with an Olympus DP72 video camera attached to an Olympus BX51 compound microscope and then used as templates to create graphic vectors.
Larvae and pupae of M. brasiliense were associated with the male adult using the metamorphotype method (Milne 1938; Wiggins 1996) . Morphological terminology follows França et al. (2013) for the male adult, Hoang et al. (2005) for the female adult, and Flint & Wallace (1980) , Scott (1983) and Wiggins (1996) for larval and pupal characters. The nomenclature for chaetotaxy of the larval primary setae is that of Williams & Wiggins (1981) ; for the secondary setae it is that of Schefter & Wiggins (1986) .
The map showing the collection sites was created using DIVA-GIS version 7.5 free software. Lists of material examined were made using the AUTOMATEX macro in Microsoft Excel (Brown 2013 ).
Types and all other examined specimens are deposited in the Coleção de Invertebrados, Instituto Nacional de Pesquisas da Amazônia (INPA), Manaus, Amazonas, Brazil. 
Abbreviations of genital structures

Diagnosis
Macrostemum araca sp. nov. male is similar to M. braueri and M. surinamense males by having phallus apex with long posterolateral and acuminate prominence, but it can be distinguished from these species by the shape and number of setae on tergite IX with 20 long dorsal setae and 9 lateral setae, while M. braueri has 7 long dorsal setae and 7 lateral setae and M. surinamense has 15 long dorsal setae and 8 lateral setae. Additionally, the color pattern of forewing in the new species is yellow with 2 darkbrown vertical bands on the distal half, the apical ⅓ is dark brown with an elongated median hyaline spot, while in M. braueri the forewing is mostly hyaline, each with one dark band bordering apical area and delimiting one boot-shaped hyaline area, and in M. surinamense the forewing is dark-brown with only two small hyaline bands in apical area.
The female of Macrostemum araca sp. nov. can be recognized by the sternum VIII divided almost completely along the midline into two oval plates and tergum IX with a row of long setae on the posterior margin dorsally.
Etymology
The specific epithet is a noun in apposition that refers to the Serra do Aracá mountain range, which is the type-locality of the new species. General color dark-brown and golden-yellow (in alcohol) (Fig. 1A-F) . Antennae basal ⅓ (approximately) dark-brown, apical region yellow; scape 2 × longer than wide, with base slightly enlarged; pedicel short and broad. Head and setae dark-brown with some dark setae and anterior setal wart pale-yellow, covered with yellow setae, posterior setal wart brown, covered with brown setae, palps and haustellum paleyellow ( Fig. 1B-C) . Thorax, pronotum yellow covered with pale-yellow setae, meso-and metanotum dark-brown covered with brown setae; foreleg tibia and tarsus brown, mid and hind legs coxae and femora light-brown to yellow. Tibial spur formula 2,4,4. Midleg tarsus flattened. Forewing completely golden-yellow in basal region, with basal half without bands or spots, distal half with two vertical brown bands, the apical ⅓ is golden-brown with an elongated hyaline spot between veins R5 -M1 (may be open in the anterior region, Figs 1E, 2A) with light spots above and below (variable from pale-yellow to light-brown until almost imperceptible), entire wing covered with fine setae, light-brown (in alcohol) ( Fig. 1D-E) ; veins Sc and R1 fused near apex, forks I-V present, forks I and IV petiolate; discoidal cell small, median cell moderately in size, thyridial cell very long. Nygma and thyridium present. Hindwing almost totally golden-yellow, only with a small dark-brown triangle medially and a dark-brown band in the apical area; anal area large, veins Sc thickened and contiguous with R1 near apex; fork II, III and V present, fork V petiolate, discoidal and median cell absent, nygma present, veins between Cu and A vein anastomosed ( Figs 1F, 2B ). Sternum V, with long anterolateral glandular processes, 1.2 × longer than sternums V and VI, with basal opening and reticulated filament (Fig. 1G) . Male genitalia. (Fig. 3A-I ). Segment IX, in lateral view (Fig. 3A) , with anterolateral margin slightly sclerotized and sinuous, delimited by 20 long dorsal setae and 9 scattered setae at ventral half, anterior margin almost straight; in dorsal view (Fig. 3B ), posterior margin with triangular median keel, two lateral lobes with cluster of long setae. Segment X in lateral view (Fig. 3A) subtriangular, apex rounded, with subdorsal cluster of small setae near midlength, apex with smalls setae; in dorsal view (Fig. 3B) bilobed, each lobe with thick and short setae, mesal incision wide, forming deep, wide V-shape, reaching half-length of segment X. Inferior appendages, in lateral view (Fig. 3A) , two-segmented, basal segment long, apical segment short, about ⅓ of the total length, apex rounded and slightly clavate, covered uniformly by long (external) and short (internal) setae; in ventral view (Fig. 3C ) covered uniformly by long (external) and short (internal) setae. Phallus tubular, with apex dilated, forming long acuminate posterolateral prominence (Fig. 3D-I) ; in ventral view (Fig. 3H-I ) phallotremal sclerite in shape that resembles a mushroom with 2 small apical lobes, phallotrema arrow-shaped; in dorsal view (Fig. 3F-G) opening of the annular phallotrema dorsally positioned.
Material examined Holotype
Adult female
Length of forewing: 9.26 -11.46 mm (mean = 10.42 mm, SD = 0.68, n = 10).
General color pattern, tibial formula, and glandular process of sternite V similar to male, differing only in the posterior setal wart, which is smaller, more triangular and not so prominent. Venation of the fore wing and hindwing similar to that of male, but the anal area of the posterior wing is about 1 ∕5 narrower than the wing of the male.
Female genitalia. (Fig. 4A-D) . Sternum VIII divided almost completely along the midline into two plates, each oval-shaped, covered with setae across the surface (Fig. 4A, C) . Tergum IX anterior region with reticulated cuticle, similar to an irregular honeycomb, each cell with 3 to 4 short setae; in lateral view, apex with small setae; in dorsal view (Fig. 4B ), posterior margin with a row of long setae. Tergum X small and narrow, almost entirely covered by tergum IX (Fig. 4A, C) . Sternum X ending with 2 pairs of distinct papillae; a pair of biarticulated cerci positioned between the papillae in ventral and lateral views (Fig. 4A, C) . Internal vaginal apparatus complex, with posterior sclerite triangular, anterior sclerite annular, wider in the median region, with two lateral projections, lateral valve long and narrow, rod-shaped (Fig. 4D) .
Immature stages
Unknown.
Taxonomic remarks
Female genitalia of the Neotropical Macrostemum species have not been described or illustrated, so we cannot compare this structure with other species from the region. Some species from the Oriental Region have female genitalia illustrated and described (Hoang et al. 2005) . The oval-shaped ventral plate of sternum VIII is somewhat similar to that of M. floridum Navás, 1929, but in M. araca sp. nov. it is broader at the base, and the ventral and dorsal papillae are more dilated.
Bionomics
This species was collected in the Rio Aracá (a large river, with 200-250 m of the width) (Fig. 5E ) and in some of its small tributaries (with 1-5 m of the width), all with black water, in a forested area (Fig. 5C-D) located at the base of the Serra do Aracá, in the Brazilian Amazon (Fig. 5A ).
Distribution
Brazil (Amazonas).
Macrostemum brasiliense (Fischer, 1970) Figs 5-9
Macrostemum brasiliense (Fischer, 1970) Head. Subrectangular and flattened in dorsal view, with anterior margin 1.5 × wider than posterior margin (Fig. 6A) ; dark-brown except for darker anterodorsal region; each stemmata surrounded by a pale-yellow oval spot; muscle scars inconspicuous. Dorsolateral carina prominent passing above eyes, extending to posterior region, diverging from the frontoclypeal suture (Fig. 6A, C) . Chaetotaxy consisting of #2, #3, #7, #9, #11, #13, #14, #16, #17 [dorsal setae], #12 [lateral setae], #8, #10 [ventral setae]. Primary setae mostly long, thick and pale brown (Fig. 6A-C) . Frontoclypeus with anterior margin straight, symmetrical (Fig. 6A) . Labrum golden-brown, with large membranous basal region bearing 2 transverse sclerites adjacent to frontoclypeus; anterior margin protruding medially, with dense fringe of pale-yellow, hairlike setae over its entire length and a row of short, brown clavate setae; laterally with a pair of pectinate brushes of setae, long, yellowish-brown and anteriorly directed; mesodorsally surface with short, stout brown setae and one pair of long, parallel, submarginal setae (Fig. 6E) . Mandibles asymmetrical, each external margin with pale, long, thin setae; left mandible with 1 obtuse molar tooth, 1 bilobed, mesal tooth, 2 subequal acute subapical teeth, 1 acute, apical tooth, 1 apicodorsal tooth; right mandible with 1 obtuse molar tooth, 1 obtuse mesal tooth, 1 obtuse subapical tooth, 1 acute apical tooth, 1 apicodorsal tooth; both mandibles without dorsomesal tuft of thin setae (Fig. 6F) . Lateral sides of head with series of pale-brown muscle scars located posteriorly to occipital margin at posterior tentorial pit (Fig. 6C) . Genae located ventrally, each with conspicuous patch of strongly marked, transverse stridulatory lines; widely separated at ⅓ anterior, gradually turning more closely-spaced posteriorly; pale-brown mark covering stridulatory lines and slightly narrowing to posterior region; muscle scars oval and pale grouped on posterior half and scarcely discernible (Fig. 6B, D) . Submentum trapezoidal, large; anterior margin slightly accentuated medially, with long, dark anterolateral setae (Fig. 6B) . Ventral ecdysial suture absent anteriorly on the right side; anterior ventral apotome subtriangular, wider than long; posterior ventral apotome triangular, minute, longer than wide (Fig. 6D) . Thorax. Nota sclerotized and covered with short, thin, brown, acuminate peg-like setae, mixed with long, slender, hair-like setae. Pronotum divided by longitudinal ecdysial line, dark-brown, muscle scars barely visible, grouped posterolaterally and with anterolateral pronotal margin slightly concave (Fig. 7A-B) . Meso-and metanotum not divided by ecdysial lines, pale-brown, darker midlaterally, lateral diagonal grooves slightly visible, muscle scars barely visible, grouped posterolaterally (Fig. 7B) . Prosternum without gills, broadly transverse, without triangular, posteromesal sclerite (Fig. 7C) ; mesosternum without gills; metasternum with 2 pairs of ventrolateral gills, each with long stalk and few regularly distributed lateral filaments (Fig. 8) . Foretrochantin triangular, tapered to apex with a row of numerous median, stout, brown, acuminate peg-like setae (Fig. 7D 1 ) . Foreleg dark-brown, shorter than mid-and hind legs; foreleg coxae with anterodorsal process slightly pronounced; with four long, dark, thick setae on posterodorsal region, ventral margin covered with numerous short, pale, slender setae and two long dark thick setae posteriorly; trochanters and femora each with numerous pale-yellow, long, slender setae on ventral margin, mixed with row of 11-13 dark, long, slender setae; femora each with slender, digitate basomesal process on internal surface; tibiae and tarsi with dense fringe of pale-yellow, medium-sized, slender setae on dorsal margin and row of thick setae on ventral margin (Fig. 7D 1 ) . Mid-and hind legs paler, similar in size, shape, and structure; femora each with numerous medium-sized, pale-yellowish, slender setae on ventral margin, mixed with 4 dark, long, slender setae, and 2 dark, long apicodorsal setae; tibiae and tarsi with numerous medium-sized pale-yellow, slender setae on ventral margin, and dark, long, slender dorsal setae (Fig. 7D 2 -D 3 ).
Abdomen. Abdominal segments densely covered with long, dark, thin, hair-like setae; with slightly depression on cuticle. Lateral fringe of setae absent (Fig. 7A) . Ventral gills on abdominal segments I-VII; ventrolateral gills on abdominal segments II-III; lateral gills on abdominal segments I-VII; shape and position of gills as indicated in table of Figure 8 . Sternum VIII with 2 small sclerites; each sclerite with 5-6 medium-sized, dark, slender setae (Fig. 7E ). Segment IX with small, dorsolateral plate bearing 2 long, dark, slender setae, and with a row of long, dark setae laterally (Fig. 7A ). Sternum IX with 2 subrectangular sclerites, longer than wide, bearing moderate-sized, pale-yellowish, spikelike setae with spines emanating from prominent sockets; each sclerite with 12-14 long slender, dark setae on external and posterior margin (Fig. 7E) . Anal prolegs each with lateral sclerite bearing tuft of Fig. 8 . Macrostemum brasiliense (Fischer, 1970) , larva; gill formula (MS = mesothorax; MT = metathorax; i-viii = abdominal segments; V = ventral gills; VL = ventrolateral gills; L = lateral gills). numerous, long, hair-like dorsal setae; anal claws stout, right-angled, each with 1 bent, simple, long, dark, ventrobasal seta (Fig. 7A, E) .
Larval retreat. The larval retreat of M. brasiliense is similar to that of Macrostemum sp. described by Sattler (1963 Sattler ( , 1968 and illustrated in Pes et al. (2005) from an unidentified species of Brazilian Amazonia, with an elaborate net for fine particle capture. (Fig. 9 ) Body length 16.7 mm (n = 1).
Pupa
Head. Labrum with anterior margin rounded; anteromesal region without setae; basolateral lobes each with 2 medium-sized setae (Fig. 9B ). Mandibles asymmetrical, broad basally, curved mesally, tapering to apex, each with long setal brush basolaterally; inner margin with acute teeth mesally, 3 on both mandibles, and apical half of mandibles finely serrated (Fig. 9C) . Frons faces anteriorly with oval protruding lobe, mesally bilobed bearing 9-11 long, dark setae and one medium-sized seta on each lobe, posteriorly with 8 long, dark setae. Basal antennal article with 5 medium-sized, brown setae (Fig. 9B ).
Thorax. Pale yellow, with dark spots laterodorsally. Tibia and tarsus of midleg broad and flattened, with well-developed lateral fringes of setae (Fig. 9A) .
Abdomen. Numerous moderate-sized, yellowish-brown, spike-like setae covering abdominal terga II, III on its posterior portion, and a file of long, thin, dark, hair-like setae on tergum IV in its entire posterior portion (Fig. 9A) . Lateral fringe absent. Abdominal terga with pairs of anterior hook plates (a) on segments III-VIII with hooks directed posterad; pair of posterior hook plates (p) on segment III with hooks directed anterad; hook-plate pair IIIa with 2-3 pointed, stout hooks; hook-plate pair IIIp with 56-60 sharply pointed, small hooks; hook-plate pair IVa each with 2 pointed, stout hooks; hook-plate pair Va with 2 pointed, stout hooks and 1-2 mesal, smaller; hook-plate pair VIa each with 1 bifid hook, 1 pointed, stout hook and 1 minute; hook-plate pair VIIa with 2 pointed, stout hooks and 1 smaller; hook-plate pair VIIIa each with 2 pointed, stout hooks (Fig. 9D) . Apical processes of segments IX-X long, slender, widely separated, each with 23-24 long lateral, setae on external margin and 6-9 long subapical setae on internal margin (Fig. 9E) .
Pupal retreat. Inside the larval retreat, the 5 th instar constructs a tubular case of resistant sand covered with silk, with a small opening in the posterior region; in the anterior region the opening is closed with a cover of sand where the larva weaves the pupal cocoon, it is similar to that of the Amazonian undetermined species described by Sattler (1963) .
Taxonomic remarks
In the larval stage, M. brasiliense is similar to M. ulmeri by the prominent dorsolateral carina extending to posterior region, diverging from the frontoclypeal suture. Both can be distinguished from other species in the genus with known immatures like the Nearctic M. carolina (Banks, 1909) , M. transversum (Walker, 1852) and M. zebratum (Hagen, 1861), which have carina closed passing over the posterior region from the frontoclypeal suture. Additionally, M. brasiliense is characterized by the dark-brown head with darker anterodorsal region; frontoclypeus with anterior margin straight; left mandible with 1 obtuse molar tooth and 1 bilobed mesal tooth; right mandible with 1 obtuse mesal tooth and 1 obtuse subapical tooth; genae with transverse stridulatory lines widely separated at anterior ⅓, transition to closely-spaced posterior lines gradual; submentum with anterior margin convex with slight projection medially, with long, dark anterolateral setae; mesosternum without gills; foreleg coxae with anterodorsal process slightly pronounced; ventral gills on abdominal segments I-VII, ventrolateral gills on abdominal segments II-III and lateral gills on abdominal segments I-VII. The pupa of M. brasiliense is similar to that of M. ulmeri by abdominal terga with pairs of anterior hook plates on segments III-VIII, with stout hooks directed posteriorly, and pair of posterior hook plates on segment III with hook directed anteriorly. However, M. brasiliense has hook-plate pair IIIa and IVa each with 2-3 and 2 pointed hooks, respectively, and 56-60 sharply pointed, small hooks directed anteriorly of the posterior hook plates, while M. ulmeri has 3 pointed hooks on each hook-plate pair IIIa and IVa and 23-35 sharply pointed, small hooks on posterior hook plates.
Bionomics
This species is commonly found in Brazilian Atlantic Forest (Santos et al. 2018) . In the present study it was collected in small mountain streams in rain forest reserve (Estação Biológica de Boracéia) in Salesópolis municipality, São Paulo state, at an elevation of 864 m a.s.l. (Fig. 5A-B) and in an extensive area with Eucalyptus spp. (Myrtaceae) plantations, in Poços de Caldas municipality, Minas Gerais state, at an elevation of 1327 m a.s.l. (Fig. 5A ).
Distribution
Brazil (Bahia, Minas Gerais, Rio de Janeiro, and São Paulo states).
Discussion
Macrostemum now includes 19 species for the Neotropical region, which are mainly diagnosed by the wing color patterns. However, França et al. (2013) found that this character usually shows some intraspecific variation and observed that the shape of the phallotremal sclerite, in ventral view, is also a useful character for identifying species of Macrostemum. In addition, characters of the female genitalia may also be useful for distinguishing species in the genus, as observed in the case of M. araca sp. nov. when compared to the few other species in the genus that have their females associated and described.
Despite the high diversity of Macrostemum in the tropics (Morse 2019) , little is known about the immature stages. To date, M. brasiliense is only the second species in the Neotropical region that is accurately associated, and with its immature stages described and illustrated.
Therefore, based on the poor knowledge about female genitalia and larval and pupal characters of Macrostemum species, we recommend more studies associating adult females and immatures stages. Studying the morphology of these life stages may help in the delimitation of the species, as well as providing a source of morphological characters for phylogenetic studies and for biomonitoring of aquatic environments.
